Introduction
The Diplectanidae Monticelli, 1903 is represented by approximately 250 species occurring primarily on the gills of marine perciforms fishes (Oliver 1987) . Five subfamilies are recognized: Diplectaninae Monticelli, 1903 , Lamellodiscinae, Oliver, 1969 , Murraytrematoidinae Oliver, 1982 , Rhabdosynochinae Oliver, 1987 and Rhamnocercinae Monaco, Wood & Mizelle, 1954 . This family represents a monophyletic group within Dactylogyrinea (Dactylogyridae (Diplectanidae + Pseudomurraytrematidae) (Kritsky & Boeger 1989 , Boeger & Kritsky 1993 , 2001 . Diplectanidae is historically diagnosed by the combination of the following characters: (1) accessory adhesive organs (squamodiscs or lamellodiscs); (2) three transversal bars connected to two pairs of anchors (dorsal, ventral) ; and (3) pretesticular germarium, looping right intestinal caecum.
Despite of its widely accepted monophyly, Diplectanidae has been subject to several taxonomical rearrangements at subfamily and genera levels since it was proposed by Monticelli (1903) (Johnston & Tiegs 1922; Price 1937; Bychowsky 1957; Yamaguti 1963; Oliver 1987) . The studies, focusing on the relationships among supraspecific taxa of the family, contain many contradictions (Price 1937; Yamaguti 1953; Yamaguti 1958; Bychowsky 1957; Yamaguti 1963; Yamaguti 1965; Oliver 1968; Young 1968; Bychowsky & Nagibina 1977; Euzet & Dossou 1979; Oliver 1982; Oliver 1987; Chaves et al. 1999; Kritsky et al. 2000; Desdevises et al. 2001; Kritsky et al. 2001; Mendonza-Franco et al. 2004; Domingues & Boeger 2006; . Kritsky et al. (2000) suggested that some genera might represent unnatural groups ("catch-all") by including species with variable features. Yang et al. (2006) recognized that one possible solution for the potential unnatural taxa within the Diplectanidae should be synonymy taxa distinguished by apparent secondary char-acters (e.g. one squamodisc in Monoplectanum). While this procedure may resolve problems of unnatural taxa, it can result in reduced resolution of potential relationships within the senior taxon, suggesting that cladistic analyses (i.e., molecular, morphological) is required to support taxonomic decisions within the taxon. Oliver (1987) , using morphological features, performed the first cladistic study addressing the evolutionary relationships among major component groups of Diplectanidae. The resulting phylogeny supports four subfamilies (Murraytrematoidinae, Rhabdosynochinae, Lamellodiscinae, and Diplectaninae) ( fig. 1A ). However, this author did not include Rhamnocercinae, Diplectanocotyla and Nasobranchitrema in the analysis, believing that these taxa were not members of Diplectanidae. Later, Desdevises et al. (2001) reevaluated Oliver's hypothesis adding new characters. This most recent hypothesis supports the monophyly of three subfamilies and the apparent paraphyly of Murraytrematoidinae ( fig. 1B) . Desdevises (2001) also evaluated the taxonomic position of Furnestinia and Lamellodiscus based of rDNA 18S ( fig. 1C) , concluding on the paraphyly of Lamellodiscus. Domingues and Boeger (2006) recognized Rhamnocercinae as a subordinate taxon of Diplectanidae and proposed a cladistic analysis for members of this subfamily. These authors recognized that Spinomatrix is closely related to Rhamnocercus + Rhamnocercoides based on the presence of the peduncular spines and that the absence of squamodiscs in species of Rhamnocercus and Rhamnocercoides is a likely result of secondary losses ( fig. 1D ).
Material and methods
The ingroup is composed of valid genera of Diplectanidae as indicated by Oliver (1987) except for Heteroplectanum and Cycloplectanum, considered junior synonymies of Acleotrema and Pseudorhabdosynochus, respectively (see Domingues & Boeger 2007) . Genera described after Oliver (1987) also are included in the analysis. Diplectanocotyla Yamaguti, 1953 , Nasobranchitrema Yamaguti, 1965 and species of Rhamnocercinae Monaco, Wood & Mizelle, 1954 are included in the analysis as internal taxa to understand their relationships with other diplectanids.
The hypothesis on the evolutionary relationship of the Diplectanidae genera is based on morphological data. The characters were obtained from the literature or directly through the study of type-and/or voucherspecimens deposited at museums (Appendix I). Assignment of character states for each genera were based on a preliminary analysis of available specimens, whenever possible using the type species. Specimens of Lobotrema, Murraytrema, and Telegamatrix were not available for the present study. Thirty-five taxa were used in the cladistic analysis; two are representatives of the outgroup and 33 taxa represent the ingroup.
Thirty-six characters, representing 77 character states, were used in the reconstruction of the phylogenetic relationships. Characters in which the respective derived character represents an autapomorphy of a single ingroup taxon were included and used for generic diagnosis. All characters were unordered, with equal weight, and unambiguous. Coding of polymorphic characters was made by prediction of the respective primitive state for each taxon (see Kornet & Turner 1999) . Pseudomurraytrema (Pseudomurraytrematidae) and Euryhaliotrema (Dactylogyridae) were used as outgroup, based on the phylogenetic relationships of their families to the Diplectanidae as hypothesized by Boeger and Kritsky (1993 , 2001 ). The phylogenetic hypothesis was developed with the program T.N.T. (Goloboff et al. 2003) , using heuristic search (hsearch addseq= random; maxtree=10000; nreps=1000; swapping algorithm= TBR; hold trees per replication = 10). Rooting was a posteriori as proposed by Nixon and Carpenter (1993) . Bremer support values were determined for each proposed branch.
Tests of monophyly of Diplectanum, Lamellodiscus and Murraytrematoides
To test the monophyly of Diplectanum and Lamellodiscus, they were separated into morphological group/ types as proposed by Oliver (1987) . Morphological groups of Diplectanum are based on the morphology of the male copulatory organ and are represented by D. aequans, D. caxauzi, D. monticelli, D. sillagonum and D. priacanthi. For Lamellodiscus, L. furcillatus and L. mormyri represent the morphological type of lamellodiscs. FIGURE 1. Summary of the proposed phylogenetic hypotheses of Diplectanidae. A. Hypothesis for genera of Diplectanidae from Oliver (1987) ; B. Hypothesis for genera of Diplectanidae from Desdevises et al. (2001) ; C. Hypothesis of several species of Lamellodiscus and Furnestinia echeneis from Desdevises (2001) . D. Hypothesis for Rhamnocercinae from Domingues and Boeger (2006) .
Similarly, the monophyly of Murraytrematoides was tested in the present study. We detected under study of type specimens of M. ditrematis, M. lateolabracis, and M. pricei, that Murraytrematoides was likely not monophyletic based on the morphology of the male copulatory organ.
Results and discussion

Character analysis
Characters used in the analysis follow with comments on character-state evolution. Numbers in parentheses preceding a character state refer to the code that the state received in the matrix. Bold numbers in brackets, following the definition of the character-state, refer to the position of the characters in the tree. Character changes are sequentially numbered in the tree, as defined below:
( Oliver (1987) proposed three basic types of accessory adhesive organs derived from the tegumental scales, squamodiscs, lamellodiscs, and placodiscs. Oliver (1993) considered echinodiscs (peduncular spines sensu Domingues & Boeger 2006) observed in Rhamnocercinae as homologous to the accessory adhesive organ of the other Diplectanidae. However, Domingues and Boeger (2006) rejected the homology between the peduncular spines, the spines associated with the ventral bar, and accessory adhesive organ based on their morphology and topological position in the haptor. Kritsky et al. (2001) refuted the homology between the accessory adhesive organ and the placodiscs observed on some species of Rhabdosynochus, as suggested by Hargis (1955) and Oliver (1987) . Thus, in this analysis only the squamodiscs and lamellodiscs were considered accessory adhesive organs. 2D) [41]. The anterior rows of the rodlets type "open ring" is defined by rows of rodlets with extremities not in contact or closed. While, the type "closed ring" is defined by rows of rodlets with extremities in contact or closed.
(5)Intermediate rows of the rodlets of the squamodiscs: (0) rodlets without anterior lightly sclerotized blunt spinelet (figs. 2B-C); (1) rodlets with anterior lightly sclerotized blunt spinelet ( fig. 2A) [28, 37, 69]. This character is polymorphic for Diplectanocotyla. However, the rodlets without anterior lightly sclerotized blunt spinelet is the plesiomorphic condition for this character, defined by the relationships of this genus with its respective sister groups.
(6)Intermediate lamellae of the lamellodiscs: (0) fused at midline (fig. 3A) ; (1) superficially incomplete, partially fused at midline ( fig. 3B) [19]; (2) incomplete, lamellae free at midline ( fig. 3C) [18].
(7)Telescoping lamellae: (0) absent; (1) present (e.g., Young 1969: figs. 6a, 6h; Oliver 1984: figs. 1, 3, 7, 11; Thoney 1987: figs. 1, 7-13) [14] . This character seems to be polymorphic for Protolamellodiscus. Kritsky et al. (2000) observed that Protolamellodiscus senilobatus Kritsky, Jiménez-Ruiz & Sey, 2000 presents telescoping lamellae such as those observed in species of Calydiscoides. However, the absence of telescoping lamellae is the plesiomorphic condition for this character, defined by the relationships of this genus with its respective sister groups.
(8)Haptoral suckers: (0) absent; (1) present (e.g., Yamaguti 1953: pl. VII, fig. 27; Rakotofiringa & Oliver 1987: figs. 1, 2A; Mendoza-Franco et al. 2004: fig. 6; Lim & Gibson 2007: figs. 1h2, 3h, 4h2, 6, 7h2) [8].
(9)Accessory spines associated with the posterior region of the haptor (closed to ventral bar): (0) absent; (1) present (e.g., Kritsky et al. 2000: fig. 16 ; Domingues & Boeger 2006: fig. 6, 20, 30, 35, 36; Boeger et al. 2006: figs. 28, 37-38) [48].
(10)Peduncular spines: (0) absent; (1) present (e.g., Mendoza-Franco et al. 2004: fig. 6 ; Domingues & Boeger 2006: fig. 6; Boeger et al. 2006: figs. 28, 37; Lim & Gibson 2007: fig. 10) fig. 4B) [15, 26] . The development of the ventral anchor is defined by the angle formed by an imaginary line that tangency the subsequent margins of the superficial and deep roots, and a line that tangency the deep margin of the deep root and shaft. By convention, a developed superficial root presents angle ≥90° and a reduced or inconspicuous superficial root presents angle <90°. This character is polymorphic for Protolamellodiscus and Rhabdosynochus. However, ventral anchor with superficial root conspicuous is the plesiomorphic condition for this character, defined by the relationships of these genera with their respective sister groups.
(17) . This character is polymorphic for Calydiscoides. Oliver ( , 1987 considered that species of Calydiscoides are characterized by presenting articulation between the male copulatory organ and the accessory piece. However, Kritsky et al. (2000) observed that there is no connection between these two structures in Calydiscoides flexuosus. We also detect the absence of this connection in the analysis of museum specimens of Calydiscoides difficilis. For Calydiscoides, we consider the non-articulated accessory piece with the male copulatory organ the plesiomorphic condition for this character, defined by the relationships of Calydiscoides with its respective sister groups. Oliver (1968) described in details the prostatic reservoir for Diplectanum aequans, recognizing two prostatic reservoirs (anterior and posterior). However, in the present paper, only the anterior prostatic reservoir is homologous to the prostatic reservoir of other monogenoideans, based on the position and association with the male copulatory organ. The posterior prostatic reservoir will be discussed further (character 36). Oliver (1968) observed, for D. aequans, the presence of a prostatic reservoir (anterior prostatic sensu Oliver 1968) separated into three zones: two terminal areas (located in the extremities of the reservoir), densely stained with carmine and a medium narrow area that does not stain with carmine.
(36)Accessory copulatory organ: (0) absent; (1) present ( fig. 6) [44]. Oliver (1968) reported the presence of a glandular structure with a sclerotized canal, posterior to the anterior prostatic reservoir (sensu Oliver 1968) for D. aequans and other species. This author named this structure as "posterior prostatic reservoir". However, study of species of D. aequans and D. sciaenae did not detect any connection between this structure and the male copulatory organ, rejecting the hypothesis of homology with the prostatic reservoir. Bychowsky and Nagibina (1977) described a structure associated with genital pore and the male copulatory organ of species of Lobotrema and Murraytrema, which they named "pear-shape" organ. These authors observed that this structure projects outside of the body through the genital pore, suggesting that it has some function in the copulation of these parasites. We propose abandoning the term "posterior prostatic reservoir" (Oliver 1968; Oliver 1980a; Obiekezie 1988; Williams 1989; Santos et al. 2002) due to the erroneous homologization with the true prostatic reservoir. Alternatively, the name "accessory copulatory organ" is suggested here for this structure, because it denotes its most probable function.
Phylogenetic analysis
The phylogenetic hypothesis depicted in figure 7 is one of two most parsimonious trees produced through the program T.N.T. 1.0 using 36 characters (length = 71; C.I. = 57%; R.I. = 76%). In this analysis, the monophyly of the Diplectanidae is supported by three synapomorphies: (1) ventral bar with longitudinal groove; (2) reduced superficial root of the dorsal anchor; (3) absence of articulation of the male copulatory organ with the accessory piece.
Previous hypothesis (Oliver 1987; Desdevises et al. 2001) supported the subdivision of Diplectanidae in Rhabdosynochinae, Lamellodiscinae and Diplectaninae. In the present analysis, however, Lamellodiscinae is the only subfamily recognized as monophyletic, supported by two synapomorphies (both with 100% consistency): (1) presence of lamellodiscs and (2) "Y" shaped accessory piece.
The sister group relationships within the Lamellodiscinae presented in the figure 7 differs from the relationship of the other equally parsimonious tree by the relative position of Lamellodiscus furcilattus, Telegamatrix, Lamellodiscus mormyri, and Furnestinia. This variation is related apparently to the characters "accessory piece articulated with the MCO", "type of the intermediate lamellae of the lamellodiscs", and to the presence of missing data (?). In one tree ( fig. 7) , the character state "incomplete intermediate lamellae of the lamellodiscs" appear as synapomorphies uniting Lamellodiscus furcilattus, Telegamatrix and clade "G" assuming the independent origin of the superficially incomplete intermediate lamellae of the lamellodiscs, partially fused at midline in Lamellodiscus furcillatus. In the other tree, the character states "accessory piece articulated with the MCO" and "intermediate lamellae of the lamellodiscs incomplete" appear as synapomorphies uniting Telegamatrix, Lamellodiscus mormyri, and Furnestinia. Desdevises (2001) evaluated the taxonomic status of Furnestinia and Lamellodiscus based of 18S rDNA, concluding on the paraphyly of Lamellodiscus and suggesting that these two genera should be synonymized. The present analysis, based on morphological features, corroborates Desdevises (2001) 's hypothesis and the synonymy of Lamellodiscus and Furnestinia is discussed in the taxonomic section. Our hypothesis differs significantly from that proposed by Oliver (1987) and Desdevises et al. (2001) on the sister group relationship within the Diplectaninae. While genera traditionally included in this subfamily are supported by the analysis ( fig. 7) , Rhamnocercinae, Rhabdosynochinae, Murraytrematoides ditrematis and Murraytrematoides lateolabracis appear within Diplectaninae (clade "H"). The relationships among some terminal taxa of this subfamily are not completely resolved, as clade "O", composed by Pseudolamellodiscus + Acleotrema + clade "P" + clade "R" + clade "U".
Monophyly of Diplectanum is rejected in all equally parsimonious trees. Diplectanum sillagonum is basal within the subfamily (clade "H"), while D. cazauxi appears as sister group of Latericaecum (clade "N"); D. aequans represents a sister group of Lobotrema + Murraytrema (clade "P"); D. priacanthi appears in the polytomy of clade "U"; and D. monticellii is sister group of Pseudorhabdosynochus + Echinoplectanum (clade "Y"). The phylogenetic hypothesis indicates that the Murraytrematoidinae contains both para-and polyphyletic components, as already suggested by Desdevises et al. (2001) . The polyphyletic status of the subfamily reflects the position of Lobotrema + Murraytrema as sister group of Diplectanum aequans in clade "P" and the isolated position of species of Murraytrematoides. All equally parsimonious trees reject the monophyly of Murraytrematoides. Murraytrematoides pricei originated early in the evolution of Diplectanidae while M. diatrematis and M. lateolabracis are more apical, comprising a polytomy with Anoplectanum in clade "V". 
Taxonomic section
The revised classification of Diplectanidae is coordinated according Wiley (1981) and Amorim (1997) . Diagnoses include traditional and cladistic information. Plesiomorphic characters are in bold in the diagnoses as well as, autapomorphic characters for subfamilies and genera. Numbers in brackets refer to the position of the characters in the tree ( fig. 7 ). Taxa that appear in polytomy are treated as sedis mutabilis in a same taxonomic level. The terminal taxa of Diplectanum and Lamellodiscus that appear as independent taxa in the present analysis are treated as incertae sedis.
Family Diplectanidae Monticelli, 1903 Subfamily Nasobranchitrematinae, n. subfam. Yamaguti, 1965 from Naso hexacanthus (Bleeker) (type host), Naso lituratus (Forster), Naso brevirostris (Cuvier), and Naso annulatus (Quoy & Gaimard) (Acanthuridae).
Remarks: Young (1969) transferred Nasobranchitrema from Diplectanidae to Ancyrocephalinae (Dactylogyridae) based on the apparent intercaecal germarium. However, studied specimens clearly show germarium looping right of intestinal caecum. This characteristic is apparently symplesiomorphic for Diplectanidae (see Kritsky & Boeger 1989) Remarks: From the five species of Murraytrematoides recognized by Oliver (1987) , only M. ditrematis (type species), M. lateolabracis and M. pricei were available for study. The comparative analysis of the reproductive structures and the cladistic analysis suggest that the studied specimens are not congeneric. Murraytrematoides pricei shows a simple male copulatory organ (MCO), accessory piece, and genital pore opening posterior to MCO. Murraytrematoides ditrematis and M. lateolabracis have MCO formed by nested tubes, genital pore opening anterior to the MCO, and the absence of accessory piece. In the cladistic analysis, M. pricei appears as basal within Diplectanidae, sister group of clade "C", while M. ditrematis and M. lateolabracis appear in a polytomy with Anoplectanum (clade "V"). Thus, we propose to accommodate M. pricei, as Pseumurraytrematoides pricei n. comb., a member of the new subfamily. The generic name is from Greek (pseud/ o = false) and refers to the fact that members of this genus are not congeneric with Murraytrematoides, as presented herein. Remarks: proposed Diplectanocotylidae to allocate Diplectanocotyla based on the presence of haptoral suckers and four haptoral bars (2 ventral, 2 dorsal). However, Mendoza-Franco et al. (2004) rejected Diplectanocotylidae returning Diplectanocotyla to Diplectanidae as originally proposed by Yamaguti (1963) , based on sharing features within Diplectanidae (e.g. germarium looping right of intestinal caecum, accessory adhesive organ). (Yamaguti, 1953 ) Young, 1969 from Nemipterus bipunctatus (Valenciennes) (Nemipteridae), Nemipterus hexodon (Quoy & Gaimard), Nemipterus japonicus (Bloch), and Nemipterus peronii (Valenciennes); C. gussevi from Lethrinus miniatus; C. indianus (Karyakarte & Das, 1978 ) Oliver, 1987 from Nemipterus japonicus; C. japonicus (Pillai & Pillai, 1976) Thoney, 1989 Type-species: P. serranelli (Euzet & Oliver, 1965 Remarks: Kritsky et al. (2000) questioned the monophyly of Lamellodiscus based on the variable morphology of the sclerotized structures, which may not represent generic features, as originally proposed by Oliver (1987) . In the molecular phylogeny of Desdevises (2001), Lamellodiscus spp. appear in two distinct clades and Furnestinia represents an internal taxon closely related to L. verberis and L. mormyri.
Our cladistic hypothesis was not capable to identify synapomorphies for species of Lamellodiscus, as already suggested by Kritsky et al. (2000) and Desdevises (2001) , and, thus, its monophyly is rejected. Lamellodiscus furcillatus shows the most basal position among the fragment of Lamellodiscus in the tricotomy with Telegamatrix and clade "G", while Lamellodiscus mormyri and Furnestinia appear as a sister taxa in clade "G", supported by the presence of the accessory piece articulated with the MCO.
Despite the non-monophyly of Lamellodiscus, we decided to retain all species in the genus, without proposal of new taxonomic categories until a cladistic analysis within Lamellodiscus species is performed. Remarks: Rhabdosynochinae and Rhamnocercinae have not received evolutionary support in the present analysis because both subfamilies appear as internal groups within Diplectaninae. Rhabdosynochus, originally included in Rhabdosynochinae, appears as sister group of Cornutohaptor (within clade "J"), while Rhamnocercinae appears as sister group of Lepidotrema (in clade "R").
The cladistic analysis also indicates that Murraytrematoidinae, which includes Murraytrema, Lobotrema and Murraytrematoides, is polyphyletic. Murraytrema and Lobotrema (clade "Q") appear within Diplectaninae as sister group of Diplectanum aequans in clade "P", which is supported by the presence of accessory copulatory organ and prostatic reservoir separated into three zones. Additionally, Murraytrematoides, represented by M. pricei, M. ditrematis, and M. lateolabracis, does not constitute a natural group. Murraytrematoides pricei is basal, sister group of clade "C", and M. ditrematis and M. lateolabracis appear in the tricotomy with Anoplectanum in clade "V".
Two distinct options concerning Rhamnocercinae, Rhabdosynochinae, and Murraytrematoidinae are possible, based on the present analysis. The first option assumes Rhabdosynochinae, Rhamnocercinae, and Murraytrematoidinae as valid subfamilies. In this case, however, Diplectaninae would represent a paraphyletic group being necessary a proposal of new subfamilies for the different clades starting at clade "H".
The second option, the one chosen in this study, is more conservative and includes recognition of Diplectaninae as a subfamily, including all groups in the cladogram originating at clade "H". Rhabdosynochinae, Rhamnocercinae, and Murraytrematoidiane are rejected and considered junior synonyms of Diplectaninae.
Paradiplectanum n. gen. Remarks: Paradiplectanum is clearly apart of the Diplectanum complex (see comments above and Diplectanum diagnosis). Including the fact that members of Paradiplectanum n. gen. are parasitic on the gills of sillaginid fishes, features distinguishing the genus include the combined presence of (1) There are four other diplectanid species occurring on sillaginid hosts: Diplectanum blairense Gupta & Khanna, 1974 , D. puriense Tripathi, 1957 , Monoplectanum australe Young, 1969 and M. youngi Hayward, 1996 . Paradiplectanum can be easily distinguished from Monoplectanum since species of the later genus possess a vaginal atrium muscular and a single ventral squamodisc. Comparison of P. sillagonum with D. blaiense suggests that these species are congeneric. The transfer of D. blaiense as a member of Paradiplectanum is based on voucher specimens in Hayward's (1996) redescription of this species (type material was not deposited by the senior authors). However, the illustration of the species clearly shows that Hayward (1996) confused the posterior prostatic reservoir with the accessory piece. Diplectanum blaiense has all the diagnostic features attributed to Paradiplectanum. Diplectanum puriense, another parasite of a sillagid fish, does not represent a species of Paradiplectanum and can be distinguished from members of the new genus by having a male copulatory organ with nested tubes and lacking of accessory piece.
The generic epithet refers to the independent origin of members of this genus within Diplectaninae. Remarks: Oliver (1987) and Desdevises et al. (2001) considered Rhabdosynochinae a sister group of Lamellodiscinae and Diplectaninae based on the primarily homology of placodiscs and the other accessory adhesive organs (squamodiscs and lamellodiscs). However, Kritsky et al. (2001) suggest that these structures do not represent homologous features and considered that species of Rhabdosynochus, Murraytrema and Murraytrematoides share the character "absence of accessory adhesive organ".
Rhabdosynochus
Our analysis suggests that the accessory adhesive organ was secondarily lost several times in the evolutionary history of Diplectaninae (character changes 29, 43, 51, 58, in fig. 7 ), including in the clade formed by Rhabdosynochus + Cornutohaptor, supporting the non-homology of the placodiscs with the lamellodiscs and squamodiscs. The recognition of Rhabdonynochinae as a junior synonymy of Diplectaninae is supported by the opening of the common genital pore subsequent to MCO [27] , and ventral anchor with reduced superficial root [26] .
Cornutohaptor is monotypic and consistently emerged as the sister group of Rhabdosynochus in clade "J" by sharing the secondary loss of the accessory adhesive organ. Cornutohaptor has no autapomorphies, suggesting its single species is congeneric with species of Rhabdosynochus. Both genera share the same morphology of the copulatory complex (non-articulated, coiled MCO, complex accessory piece) and hosts (centropomid fishes). Cornutohaptor nigrescensi is, thus, transferred to Rhabdosynochus as R. nigrescensi n. comb. Type-species: P. cynoglossum Tripathi, 1957 from Cynoglossus arel (Bloch & Schneider) (type host), and Cynoglossus bilineatus (Lacépède) (Cynoglossidae).
Pseudodiplectanum
Other species: P. bychowskii Nagibina, 1977 from Cynoglossus bilineatus; P. caballeroi Nagibina, 1977 from Symphurus orientalis (Bleeker) (Cynoglossidae); P. gibsoni (Oliver, 1980 ) Oliver, 1987 from Microchirus variegatus (Donovan) (Soleidae); P. kearnei Vala, Lopez-Roman & Boudaoud, 1980 from Solea solea (Linnaeus); P. lucknowensis Agrawal & Sharma, 1986 from Chitala chitala (Hamilton) (Notopteridae, Osteoglossiformes); P. syrticum Derbel, Boudaya & Neifar, 2007 from Synapturichthys kleinii (Risso) (Soleidae).
Remarks: Oliver (1987) recognized two different morphological types of MCO in Pseudodiplectanum: (1) spiraled (P. bychowskii, P. caballeroi, P. cynoglossum) and (2) tubular with accessory piece (P. gibsoni, P. kearni). Except for P. caballeroi, all the other species present accessory piece. However, despite the fact that we could not confirm the presence of accessory piece in the unavailable specimens of P. caballeroi, we decided to retain all species in the genus, without proposal of new taxonomic rearrangement until information about this species be available.
Monoplectanum Young, 1969
Diagnosis: Tegument smooth. Genital pore opening posterior to male copulatory organ (MCO (Oliver & Paperna, 1984) n. comb. from Sphyraena flavicauda Rüppel, Sphyraena jello Cuvier, and Sphyraena obtusata.
Remarks: Young (1969) reported 12 haptoral hooks and intestinal diverticulae for Latericaecum pearsoni. Our study of available specimens confirms the presence of 14 hooks, similar in distribution and morphology to the other diplectanids. However, the intestinal diverticulae were not visible in the specimens limiting its use in the generic diagnosis.
The comparative morphology of male copulatory organ, squamodiscs, and host group suggested that Diplectanum cazauxi is congeneric with L. pearsoni, as proposed by Kritsky et al. (2000) . This species is, thus, transferred to Latericaecum as L. cazauxi n. comb. Other species: A. diplobulbus ) Domingues & Boeger, 2007 from Kyphosus cinerascens; Acleotrema flabelliforme (Lim, 2006) n. comb. from Toxotes jaculatrix (Pallas) (Toxotidae); A. nenue Domingues & Boeger, 2007 from Kyphosus elegans, and Kyphosus cinerascens; A. nenuoides (Rakotofiringa, Oliver & Lambert, 1987) Domingues & Boeger, 2007 from Rhabdosargus sarba, and Polyamblyodon gibbosum (Pellegrin) (Sparidae); A. oliveri (Leòn-Règagnon, León & Garcia-Prieto, 1997) Domingues & Boeger, 2007 from Kyphosus elegans; A. parastromatei (Rakotofiringa, Oliver & Lambert, 1987) Domingues & Boeger, 2007 from Parastromateus niger (Bloch) (Carangidae); A. serrulopenis (Rakotofiringa, Oliver & Lambert, 1987) Domingues & Boeger, 2007 from Rhabdosargus sarba, and Polyamblyodon gibbosum; A. spiculare Domingues & Boeger, 2007 from Kyphosus cinerascens; A. tamatavense (Rakotofiringa, Oliver & Lambert, 1987) Domingues & Boeger, 2007 from Polyamblyodon gibbosum; A. yamagutii (Oliver, 1983) Domingues & Boeger, 2007 from Kyphosus cinerascens.
Acleotrema
Remarks: Acleotrema was revised by Domingues and Boeger (2007) . Other species: P. forsterii Rakotofiringa & Maillard, 1979 from Sphyraena forsteri Cuvier; P. jelloi Rakotofiringa & Maillard, 1979 from Sphyraena jello; P. nossibei Euzet & Razarihelisoa, 1959 from Sphyraena barracuda; P. polynemus Rao & Kulkami, 1985 from Polydactylus sexfilis (Valenciennes) (Polynemidae).
Diplectanum Diesing, 1858
Synonymy: Dactylogyrus Wagener, 1857 , partim, nec 1850 Lepidotes Johnston & Tiegs, 1922; Neodiplectanum Mizelle & Blatz, 1941; Lamellodiscoides Yamaguti, 1963; Pseudolamellodiscoides Gupta & Krishna, 1979 Diagnosis: Tegument smooth or scaled. Genital pore opening posterior to male copulatory organ (MCO). Other species: See comments below. Remarks: Kritsky et al. (2000) questioned the monophyly of Diplectanum based on the greatly variable morphology of its species (e.g., presence/absence of accessory piece, MCO morphology). The comparative morphology and cladistic analysis did not support monophyly of Diplectanum (see comments above). Thus, Diplectanum is presently restricted to species possessing the combination of the following characteristics: (1) male copulatory organ formed by two nested tubes; (2) accessory copulatory organ; (3) prostatic reservoir separated into three zones; (4) Bychowsky, 1957 from Sciaena umbra, and Argyrosomus regius. Except for the type species, members of Diplectanum stricto sensu were reported from perciform fishes, which seem to represent their natural hosts group. However, Diplectanum aequans has been reported also from Bagrus sp. (Bagridae, Siluriformes) (Paperna & Kohn 1964) , but this probably represents a misidentification of the parasite species, as already noted by Oliver (1968) .
Diplectanum monticellii appears as a sister species of Pseudorhabdosynochus and Echinoplectanum in clade "X". However, we decided not to propose a new genus for this taxon based on the absence of autapomorphic characters. Including this species, the present revision does not recognize the generic status of 51 species of Diplectanum, based on the redundant morphology of the accessory adhesive organ (i.e., presence of ventral and dorsal squamodiscs). Although the revision of Diplectanum is not within the scope of this work, we believe that some characteristics (e.g. morphology of reproductive structures) can be informative in the determination of generic groupings in future studies. Therefore, we consider the following species incertae sedis: D. bauchotae Oliver & Paperna, 1984 Tripathi, 1957 from Otolithes ruber, and Pterotolithus maculatus (Cuvier) (Sciaenidae); D. magnodiscatum Zambrano, 1997 from Eugerres plumieri (Cuvier) (Gerreidae); D. megacirrus (Maillard & Vala, 1980 ) Oliver, 1987 from Galeoides decadactylus (Bloch) (Polynemidae); D. melvillei Oliver & Paperna, 1984 from Umbrina cirrosa; D. minousi (Gupta & Khullar, 1967 ) Oliver, 1987 (Gupta & Krishna, 1979 ) Oliver, 1987 from Johnius borneensis (Bleeker); D. penangi Seng & Seng, 1991 from Lates calcarifer; D. pescadae Kritsky & Thatcher, 1984 from Plagioscion squamosissimus; D. piscinarius Kritsky & Thatcher, 1984 from Plagioscion squamosissimus; D. polynemus Tripathi, 1957 from Eleutheronema tetradactylum (Shaw), and Leptomelanosoma indicum (Shaw) (Polynemidae); D. puriense Tripathi, 1957 from Sillaginopsis panijus (Hamilton), and Sillago chondropus Bleeker (Sillaginidae); D. secundum (Tripathi, 1957 ) Yamaguti, 1963 D. setosum Nagibina, 1976 from Psammoperca waigienis (Cuvier), and Lates calcarifer; D. spinosum (Maillard & Vala, 1980 ) Oliver, 1987 (Mizelle & Blatz, 1941 ) Oliver, 1987 from Eucinostomus gula (Quoy & Gaimard), and Gerres cinereus (Walbaum) (Gerreidae).
Lobotrema Tripathi, 1959
Synonymy: Pseudomurraytrema Yamaguti, 1958 pre-occuped, Allomurraytrema Yamaguti, 1963 Diagnosis: Tegument smooth or scaled. Genital pore opening posterior to male copulatory organ (MCO (Bychowsky & Nagibina, 1977 ) Oliver, 1987 from Pennahia macrocephalus (Tang); L. aspidopariaii Gupta & Varsha Sachdeva, 1987 from Aspidoparia morar (Hamilton) (Cyprinidae); L. caballeroi Gupta & Sharma, 1982 from Cynoglossus arel; L. kumari Oliver, 1987 from Johnius coitor (Hamilton); L. rajendrai Srivastava & Kumar, 1983 from Garra gotyla gotyla (Gray) (Cyprinidae); L. sciaenae (Bychowsky & Nagibina, 1977 ) Oliver, 1987 from Johnius dussumieri (Cuvier); L. spari (Yamaguti, 1958 ) Oliver, 1987 from Acanthopagrus schlegelii schlegelii, Acanthopagrus australis, Acanthopagrus berda, Acanthopagrus butcheri, and Acanthopagrus latus; L. youngi Gupta & Sharma, 1982 from Pseudorhombus triocellatus (Bloch & Schneider) (Paralichthyidae).
Remarks: Lobotrema has occupied different taxonomic positions since it was proposed by Tripathi (1959) : in Tetraonchinae (Dactylogyridae) (Tripathi, 1959) , Ancyrocephalinae (Dactylogyridae) (Yamaguti, 1963) , and Murraytrematoidinae (Oliver, 1982) . Yamaguti (1958) proposed Pseudomurraytrema spari, posteriorly transferred to Allomurraytrema (see Yamaguti, 1963) . Bychowsky and Nagibina (1977) considered Allomurraytrema as a junior synonymy of Lobotrema, a decision corroborated by Oliver (1982 Oliver ( , 1987 .
In the present cladistic analysis, Lobotrema appears as sister species of Murraytrema and Diplectanum aequans, within Diplectaninae, as indicated by the sharing of accessory copulatory organ [44] and prostatic reservoir separated into three zones [43] . Bychowsky and Nagibina (1977) suggested that these three taxa are closely related, which is corroborated herein. Lobotrema can be differentiated from these two genera for the absence of the ventral bar [46] . Type-species: M. robustum (Murray, 1931 ) Price, 1937 from Acanthopagrus australis (Sparidae). Other species: M. bychowskyi (Bychowsky & Nagibina, 1977 ) Oliver, 1987 .
Remarks: Murraytrema is closely related to Lobotrema by sharing the secondary loss of the accessory adhesive organ [45] . However, species of Murraytrema can be differentiated from species of Lobotrema by the presence of a muscular vaginal atrium (sclerotized in Lobotrema) and three haptoral bars (two in Lobotrema).
Lepidotrema Johnston & Tiegs, 1922
Synonymy: Empleurodiscus Johnston & Tiegs, 1922; Flabellodiscus Johnston & Tiegs, 1922; Squamodiscus Yamaguti, 1934 . n. comb from Heteropriacanthus cruentatus (Lacépède) (Priacanthidae).
Diagnosis
Other species: O. opakapaka n. comb. from Pristipomoides filamentosus (Valenciennes) (Lutjanidae), and Aphareus rutilans Cuvier (Lutjanidae); O. curvivagina n. comb from Pristipomoides sieboldii (Bleeker), and Pristipomoides auricilla (Jordan, Evermann & Tanaka).
Remarks: Oliver (1987) transferred D. priacanthi, D. curvivagina, and D. opakapaka to Cycloplectanum and included them into a morphologic group based on the presence of an arched male copulatory organ. However, several authors did not accept Cycloplectanum as a valid taxon and considered that species belonging to this genus should represent species of Diplectanum and Pseudorhabdosynochus Justine & Euzet 2006) . Presence of a genital pore opening anterior to male copulatory organ and squamodiscs with anterior rows of rodlets with closed rings distinguish Oliveriplectanum n. gen. from these later genera. The genus is named after Dr Guy Oliver, in recognition of his valuable work on the Diplectanidae.
Murraytrematoides Yamaguti, 1958
Synonymy: Geneticoenteron Yamaguti, 1958 Diagnosis: Tegument smooth. Genital pore opening posterior to male copulatory organ (MCO). Genital atrium muscular. Vas deferens intercaecal or looping left intestinal caecum. MCO tubular, composed of 2 nested tubes; external tube uniform. Accessory piece absent. Prostatic reservoir simple. Accessory copulatory organ absent. Vaginal atrium muscular. Vaginal aperture marginal. Accessory adhesive organ absent [60] . Superficial root of ventral anchor developed. Parasites of marine perciform fishes (Polynemidae, Embiotocidae, Kuhliidae, Moronidae).
Type species: M. ditrematis Yamaguti, 1958 from Ditrema temminckii Bleeker (Embiotocidae).
Other species: M. bychowskii (Nagibina, 1976 ) Oliver, 1987 from Polydactylus plebeius, and Polydactylus sextarius (Polynemidae); M. kuhliae from Kuhlia sandvicensis (Kuhlidae); M. lateolabracis (Yamaguti, 1958 ) Oliver, 1987 from Lateolabrax japonicus (Cuvier) (Moronidae).
Remarks: Oliver (1982) proposed Murraytrematoidinae with Murraytrematoides ditrematis as type species. The absence of the accessory adhesive organ was considered the main diagnostic characteristic of the subfamily. This same author considered Geneticoenteron a junior synonym of Murraytrematoides and transferred Diplectanum bychowskii Nagibina, 1976 to Murraytrematoides, as M. bychowskii.
As mentioned previously, the cladistic analysis indicates that the accessory adhesive organ was lost several times in the evolutionary history of Diplectanidae, suggesting that Murraytrematoidinae is not monophyletic. The present analysis also supports the non-monophyly of Murraytrematoides, since M. pricei appears as sister group of clade "C", while M. ditrematis and M. lateolabracis are sister groups in clade "V." Therefore, we incorporate Murraytrematoidinae in Diplectaninae (see comments above) and recognize Murraytrematoides as a valid genus for species that present the following combined characteristics: (1) absence of accessory adhesive organ, (2) male copulatory organ formed by nested tubes, (3) absence of accessory piece, (4) superficial root of the ventral anchor developed, and (5) Remarks: Anoplectanum is sister group of Murraytrematoides. Both genera share the secondary loss ofRemarks: Ten years after its proposal, Pseudorhabdosynochus was synonymized with Cycloplectanum. Oliver (1968) considered the presence of squamodiscs with inner rows forming a closed circle a diagnostic feature of Cycloplectanum and indicated C. americanum as type species. However, Beverley-Burton and , and Kritsky and Beverley-Burton (1986) did not accept Oliver's (1968) opinion. Kritsky and Beverley-Burton (1986) indicated that the proposal of Cycloplectanum represents an erroneous interpretation of the International Code of Zoological Nomenclature (ICZN), because Oliver's (1968) decision did not invalidate the status of Pseudorhabdosynochus. Justine and Euzet (2006) also did not accept Cycloplectanum and considered that all species attributed by Oliver (1968) to Cycloplectanum should be included in Diplectanum, Pseudorhabdosynochus, or Echinoplectanum Justine & Euzet, 2006. Pseudorhabdosynochus is unique among Diplectanidae by having quadriloculate male copulatory organ and the anterior rows of rodlets with closed rings. However, Neifar and Justine (2007) described Pseudorhabdosynochus sinediscus Neifar & Justine, 2007 that is characterized by lacking squamodiscs. Other diplectanid genera also have species in which the AAO are absent (see comments for Lobotrema, Rhabdosynochus, Murraytrema, Murraytrematoides, Rhamnocercus, Rhamnocercoides and Anoplectanum) . The absence of an AAO within species of Pseudorhabdosynochus is, however, likely to be secondary for P. sinediscus and represents an independent event within the evolutionary history of the family. Remarks: Echinoplectanum is closely related to Pseudorhabdosynochus by sharing the following synapomorphies: (1) squamodiscs, with anterior rows of rodlets with closed rings; (2) and vaginal atrium sclerotized. However, Echinoplectanum can be differentiated from Pseudorhabdosynochus by an autapomorphy: spines associated with the distal portion of the copulatory organ.
Echinoplectanum
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